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Akepet: Tk p&&m-c-d asymwic arybtion qf4.7-&hy&o-13diaz@ Id has been shown lo givr = 
h {IQ to 75% a}, which cam bc readi& converted w @uyobcwne dcriwtiws. Tk iqormu ml+? qf moleaLw 
siews in tk aspmetric Heck rm&m has ken a&o cla#ed. 

We recently reported the fast example of an asymmetric Heck reaction.1 and since then, we* and 

others3 have demonstrated that this C-C bead-forming naction is quite useful for the preparation of vrrious 

optically active compounds. In an effort to extend the scope of this ~reaction, we examined its potential in 

the synthesis of 5-ary1-4,5-dihydxo-1,3-dioxcpin dcrivativcs$ which were expected to be xeadily converted 

to &a@-ybutyrolactonones. In this report, we pnscnt a catalytic asymmetric synthesis of 5-a~+4,5dihy&~ 

13dioxepin.s 2d-h (up to 75% ee) and 8-phenyl+butyrolactone 4 (72% ee) from 4.7-dihydro- 1,3dioxcpin 

Id, and discuss the important role of molecular sieves in the asymmetric Heck reaction. 
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Initial work focused on the din%, one step synthesis of optically active lactol3 from cis-2-butcnc-1,4- 

diol and phenyl triflate.s However, the asymmetric Heck reaction of these substrates was extremely slow, 

treatment of phenyl triflatc with 4 cquiv of cis-2-butent-1,4-diol in the presence of Pd(OAch (3 mol %), 

(a-BJNAp6 (9 mol %), and N,Wdiisopropylethylamine (3 mol eq) in benzne at 50 “C! gave lactol3 in only 

24% yield after 12 days. Momover. the enantiomcric cxass of 3 was only 3696, as determined by HPLC 
analysis (DAICEL CHIRALPAK AS, hexane-Zpropanol, 41) of butyrolactone 4 (3 + 4; Ag2CO3 on 

celite, toluene, 80 “C). Suspecting that these results were caused by the low solubility of cis-abutem+ 1,4- 
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diol in benxcne7 and the instability of the resulting lactol3,8 we decided to study the asymmetric Heck 

reaction of protected cis-2-butene-1.4~diol derivatives, specially of 4,7-dihydro-13-dioxepin Id and its 

analogs la, lb, and lc in berms of their synthetic ~tility.~9 

The pidladium-catiyzcd asymmetric arylation of 4,7&y&1,3dioxepin derivative la WUI studied 

fust. Unfommately this substrate was found to afRud the desired coupling product 2a in only 16% ce and 

5% chemical yield even under the best conditions (BINAP in benzene). Surprisingly, however, the addition 

of 3A molecular sieve@ to the traction medium accelerated the asymmetric Heck reaction, improving not 

only the chemical yield (44%) but also the enantiomeric excess (47% ee). To fiuther improve both the 

enantiomeric excess and yield, prochiral substrates lb, lc. and Id were alao subjected to similar maction 

Table 1. Palladium-Catalyzed Asymmetric Arylation of la-d.@ 

entry 1 R RI R2 molecular sieves time (d) yield (%>a> a (46) 

1 la c CH3 CH3 none 3 5 166) 

2 la C CH3 CH3 MS3A 5 44 47e) 

3 lb C (a215 MS3A 8 49 5e) 

4 lc Si tert-Bu tert- MS3A 10 13 37e) 

Bu 

$0 Id C H H MS3A 3 82 679 

6W Id C H H MS3A 3 84 729 
a) AU reactions wed cahxl out in bexw+aa at 65 T using 1(4 equiv), Pd(OAch (3 mol %). (a-BlNN (9 awl 96). 
aad K2coJ (3 mol es) unless otherwise noted. b) K&Dj (1.5 mol eq) was used. c) The reaction ~8s carried oat at 
60 T. d) Isolated yield. e) Determined by HFTC analysis of 4. r) Determined by HPLC analysis. 

conditions, and the results are summarized in Table 1. It is noteworthy that exposure of Id (4 equiv) to 

Pd(OAch (3 mot %), (S)-BINAP (9 mol 56). phenyl triflate. and K2CO3 (1.5 mol eq) in benzene at 60 “C for 

A2 
!Fa favorable intermediate S enantiornw 

5b unfavorable intermediate R enantionwr 

Figure 1. The binaphthyl group of (s)-EINAP ligand is omiti for clarity. 
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3 clays gave the &sired coupling product 2d t t of 72% cc in 84% yield flable 1. entry 6).12 The 

enantiomcric excess of 2d was determined by HPLC analysis (DAICEL CHIRALCEL OD, hexanc-2- 

~~50:1),anditsabsoluteconfigurationwas&~inedbyconversionaf26~otheLnown4t3 

(i. p-TsOH in 2-butauone- Hfi (3: 1). 65 “C. 13 hr, 87%. ii. Ag2clo3 on eclite (4 cquiv) in tolueuc, 80 “C, 10 

min. 91%). Inspeetiat of the pwrible modes foa the olefin coordination to the (PhFU((S)-BINAP)]+ 

spccies~ indicated that steric sepulaion between the substituent at C-2 and the phenyl moiety existed even in 

the mom favorable intenncdlamc k (I?gute l), making it easy to understand why Id is a mom appropriate 

substrate than la+ for the asymmetric Heck reaction. 

This is the first exampk of an ctfcct of molecular sieves on the asymmetric Heck reaetion,t4 and in an 

effort to better understand the rok of molecular sieves iu this naction, a mom detailed study was done The 

results arc summarized in Tabk 2, and clearly indkatc that the composition and structure of the zcolite arc 

important for the attainment of high enantiomuic excess and chemical yield. 3A molecular sieves gave 

higher yields than 4A or 5A sieves (Table 2, entries 2-4). and the use of N&I- or Cam as a base in the 

pmwncc of 3A sieves gave the coupling product in low yield but nearly the same cc (enuics S-6). These 

results suggest that the cation of the zbollte is quite important sinec the best yields were obeervod with sicvcs 

of high K content (MS3A. K2CO3). Further studies am necessary to completely understand the effect of 

molecular sieves on the asymmettic Heck rcaction.ts.tc 

Table 2. Effect of Molecular Sieves on Palladium-Catalyzed Asymmetric 

Arylation of Id.@ 

Clltry base molecular sieves yield (96) cc (%) 

1 K2co3 none 19 34 

2 K2co3 MS3Ab) 82 67 

3 K2co3 MS4Ac) 38 69 

4 N2CO3 MSSA“) 3 73 

5 NaHCO3 MS3Ab) 22 67 

6 CtIcoJ Ms3Ab) 5 71 
a) All reactionas wee cmied out in bcnznc using Id (4 equiv), Pd(OA& (3 mol %), (S)-BlNAP 
(9 mol ‘k). base (1.5 mol ee). md powckmd molecular sieves at 65 T for 3 days. b) 3A siewcs = 
KgNejC(AIOL)&~l+27H$D. c) 4A sieveg = Nal2[(Al02)tZ(SiOi)l~12Hfl. a) 5A sieves 
= ca4JrJa3r~A19i)l2(sil2J=~~~* 

Having optimized the conditions for the formation of 2d, we briefly explored the effect of uiflatc 

suuetum on the reaction. We were pleased to tind that the use of other uiflatcs under the similar reaction 

Ar 
conditions gave the coupling products of enantiomcric cxccsscs ranging from 60 

ti 

to 75 96 ce. These include the preparation of 2e (75% ec.17 81% yield), 2f (70% 

/ ce,lg 86% yield), 2g (67% cc, t* 48% yieldlg), and 2h (60% ee.18 73% yield).20 

OwO 
In conclusion, we have shown that the asymmeaic Heck reaction is useful 

28 : Ar=pCI-Ph 
for the syntheses of chiral building blocks 2d-h and 4 in up to 75% cc. 

2f : Ar+&-Ph Furthermore, we have found that 3A molecular sieves can play a key role in the 

2: Ar~tzs; asymmetric Heck naction, improving the cnantiomcric EXCESS as well as the 
* _ 

Fiurc 2 
chemical yields. Further studies arc under investigation. 
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